The coupling impedance of a hole in a thick-wall beam pipe has been calculated for hole dimensions that are small compared to the wavelength. In particular, the longitudinal and transverse coupling impedances are shown to be proportional to the difference between the transverse magnetic susceptibility and the electric polarizability of the inside surface of the hole, and these quantities are themselves proportional to the cube of the hole dimensions.
I. INTRODUCTION 
II. LONGITUDINAL COUPLING IMPEDANCE
We consider a point charge Q traveling along the axis of a circular waveguide of radius 5 The calculation of the coupling impedance of a small hole in the wall of a beam pipe, at frequencies near or above the cutoff of the pipe, is of current interest. In particular, a liner with holes or slots is being considered to remove the heat generated by synchrotron radiation in the high current rings being designed at the superconducting supercollider (SSC) [1] and at the CERN Large Hadron Collider (LHC) [2] . In addition, a slotted cylindrical tube is being considered as a compact wiggler for free-electron lasers (FEL's) [3, 4] .
Kurennoy [5] (2.6) where the last form is obtained because dze st' "l = 2~~-(q --k).
( 2 7) A"(q) = [7] corresponds to the simplification of Eq. (3.1) that comes about by using the Faraday law For a zero thickness wall, analytic results are available [8] for an elliptical hole. In this case one has the relation ( 4 1) where ( is the susceptibility in the axial direction. Thus .2) for a hole where the major axis is parallel to z. If the semimajor and minor axes are a, and a&, and if the ellipse is elongated such that a, )) as, then (4 3) and the longitudinal and transverse impedances will be further reduced to ( 
5.2)
The technique for evaluating such integrals is detailed elsewhere [9] . In essence, if we use the static approximation for E2 and Gi, Eq. (5.2) 
